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Abstract—In this paper, a non-controlled fault current limiter 
(FCL) is proposed to improve fault ride through capability of 
doubly fed induction generator (DFIG)-based wind turbine. 
Cooperative operation of chopper circuit and the non-controlled 
FCL, which is located in rotor side of the DFIG, is studied. It is 
demonstrated that locating the proposed topology in the rotor 
side is effective from leakage coefficient point of view in limiting 
transient over currents rather than stator side. Furthermore, it 
is shown that, by obtaining optimum non-superconducting 
reactor value, rate of fault current change is limited to lower 
than maximum rate of current change in semiconductor 
switches of the DFIG’s converters during fault. Design 
methodology of non-superconducting reactor value is 
investigated. Operation of the non-controlled FCL in the rotor 
side is compared to crowbar protection scheme and results will 
be discussed. PSCAD/EMTDC software is employed to simulate 
the proposed scheme and prove its effectiveness. 
Index Terms— doubly fed induction generator; fault ride 
through; leakage coefficient; non-controlled fault current 
limiter; non-superconducting reactor. 
I. INTRODUCTION 
Nowadays, due to many salient features of doubly fed 
induction generator (DFIG)-based wind turbine, they are 
mainly employed as wind energy conversation systems 
(WECSs) for above applications 1 MW [1]. By increasing the 
penetration level of the DFIG-based wind turbine in the power 
system and also considering “E.ON” grid code, the strict one, 
the wind turbines have to keep connected for 150ms during 
zero voltage condition [2]. Consequently, the grid operators 
force the wind turbines to stay connected with the utility 
during fault conditions. This operational behavior is known as 
fault ride-through (FRT) capability [3]. The DFIG employs 
partially scale back-to-back voltage-source converters (VSCs), 
rotor side converter (RSC) and grid side converter (GSC), 
with limited over-current withstand capability in 
semiconductor switches utilized in the converters [4]. 
Whenever a short circuit fault occurs in the grid, high transient 
over-currents are injected from the rotor and pass through the 
RSC. These over-currents may exceed maximum permissible 
fault current of semiconductor devices. So, this situation can 
either trip out the DFIG or damage its power electronic 
components during fault condition. Therefore, DFIG cannot 
continuously operate during the fault without any protection 
measures [5]. Meanwhile, the DFIG is very sensitive to 
asymmetrical grid faults, which causes highest transient over 
currents [6]. 
Up to now, many different methods have been investigated 
to enhance the FRT capability of the DFIG-based wind 
turbine. These schemes can be divide into two categories. The 
first one is advanced control methods, which are employed to 
improve the operational behavior of the back to back 
converters during the fault and inject reactive power to 
improve the voltage stability in the terminal of the DFIG [7, 
8]. During zero voltage sag, these methods are not so suitable 
and also their complexity make them hard to be implemented 
by industry. 
The second method is to add new structure in the 
configuration of the DFIG. Dynamic voltage restores (DVRs), 
static synchronous compensator (STATCOM), unified power 
quality controller (UPQC), and static VAR compensator 
(SVC) are applied to compensate voltage sag in the grid side 
of the DFIG [9-12]. The mentioned structures use many 
numbers of the self-turn off switches and need more 
measurements. Fault current limiters (FCLs), and series 
dynamic breaking resister (SDBR) are effective to limit the 
fault current level both in the stator and the rotor side [13-16]. 
However, both the FCLs and the SDBRs require some 
measurements and also in the SDBRs, they need continuous 
controlled switching during the normal operation. 
Furthermore, some structures of the FCLs utilize inductive 
type of superconductor, which increases initial and 
maintenance costs of the FCLs. The most general method is 
crowbar protection, which de-energizes the rotor and bypasses 
the RSC during the fault [17]. The crowbar changes the DFIG 
to squirrel cage induction generator, which does not comply 
the grid code requirements [2, 17]. 
This paper introduces a non-controlled FCL to enhance the 
FRT capability of the DFIG-based wind turbine during 
symmetrical and asymmetrical grid faults. The non-controlled 
FCL has low cost and does not require any measurement to 
control the fault current. The proposed structure is located in 
series with the rotor of the DFIG. It is proved that, from 
leakage coefficient point of view, locating the non-controlled 
FCL in the rotor side can be so effective in limiting transient 
over currents in the converters rather than the stator side. The 
value of leakage coefficient is computed for location of the 
non-controlled FCL both in the rotor side and the stator side. 
By operation of the non-controlled FCL and calculating the 
optimum value of the non-superconducting reactor of the 
proposed method, high raising rate of the fault current could 
be reduced to lower than 𝑑𝑖𝑚𝑎𝑥 𝑑𝑡⁄  of the semiconductor 
switches of the RSC. Furthermore, the operation of the 
proposed scheme is compared to the most common FRT 
method, the crowbar protection. The results show that the non-
controlled FCL has effective operation in comparison with the 
crowbar protection. The configuration of the non-controlled 
FCL is simple and can be easily utilized by the industry. The 
simulation is done by PSCAD/EMTDC software for all grid 
faults, which proves the effectiveness of the proposed  FRT 
scheme. 
II. THE PROPOSED NON-CONTROLLED FAULT CURRENT 
LIMITER TO IMPROVE FRT CAPABILITY OF THE DFIG 
The configuration of the DFIG-based wind turbine 
equipped with the non-controlled FCL in the rotor side is 
shown in Fig. 1. The non-controlled FCL structure includes a 
three single phase isolated transformer, a three phase rectifier 
diode bridge and a non-superconducting reactor. During the 
normal operation of the DFIG-based wind turbine, the non-
superconducting reactor is charged to the peak of rotor line 
current and its inherent resistance causes small voltage drop, 
which depends on the peak of line current of the rotor. 
However, instead of using non-superconducting reactor, the 
superconducting one can be employed. But, both the initial 
and maintenance cost increase. Furthermore, it is required to 
allocate large volume of cooling system for the 
superconductor, which increases space of the FCL installation 
[18]. 
When a fault happens, including symmetrical or 
asymmetrical, the fault current tends to increase, suddenly, 
which may damage the semiconductor switches of the RSC. 
By employing the non-controlled FCL, the rate of current 
change is suppressed to a desired value, which should be 
lower than 𝑑𝑖𝑚𝑎𝑥 𝑑𝑡⁄  of the semiconductor switches. The 
calculation of non-superconducting reactor is mentioned in the 
section III. Also, during the fault, due to voltage sag in the 
terminal of the stator, the DFIG is not able to deliver active 
power to the grid. So, DC link voltage increases. The DC 
chopper circuit operates to discharge DC link capacitor and 
keep its voltage in a desired value.  
III. CALCULATION PROCEDURE OF THE NON-
SUPERCONDUCTING REACTOR IN THE PROPOSED METHOD 
CONSIDERING THE PARK MODEL OF THE DFIG 
Considering the Park model of the DFIG [19], the rotor 
and stator voltages, ?⃗? 𝑟 , ?⃗? 𝑠, and fluxes, ?⃗? 𝑟 , ?⃗? 𝑠, are expressed 
as follows: 
 ?⃗? 𝑠 = 𝑅𝑠 ?̇? 𝑠 +
𝑑?⃗⃗⃗? 𝑠
𝑑𝑡
 
 ?⃗? 𝑟 = 𝑅𝑟𝑖 ̇𝑟 +
𝑑?⃗⃗⃗? 𝑟
𝑑𝑡
 
 ?⃗? 𝑠 = 𝐿𝑠𝑖 ̇𝑠 + 𝐿𝑚𝑖 ̇𝑟 
 ?⃗? 𝑟 = 𝐿𝑚𝑖 ̇𝑠 + 𝐿𝑟𝑖 ̇𝑟 
R and L denote resistance and inductance, respectively. 
Subscripts of m, s, and r represent mutual, stator, and rotor 
parameters, respectively. To calculate 𝜓𝑟 in terms of 𝑖𝑟 and 
𝜓𝑠, (3) and (4) are used. As a result: 
 ?⃗? 𝑟 =
𝐿𝑚?⃗⃗⃗? 𝑠
𝐿𝑠
+ 𝜎𝐿𝑟𝑖 ̇𝑟 
where 𝜎 is the leakage coefficient, which is equal to 
1 − 𝐿𝑚
2 𝐿𝑠𝐿𝑟⁄ . Considering (2) and (5), it is concluded that: 
 ?⃗? 𝑟 =
𝐿𝑚
𝐿𝑠
𝑑?⃗⃗⃗? 𝑠
𝑑𝑡
+ (𝑅𝑟 + 𝜎𝐿𝑟
𝑑
𝑑𝑡
) 𝑖 ̇𝑟 
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Figure 1.  The proposed configuration of the non-controlled fault current limiter located in the rotor side of the DFIG 
By operation of the proposed non-controlled FCL in the 
rotor side during the fault, the non-superconducting reactor 
(𝐿𝐹𝐶𝐿) enters to the rotor side current pass because of sudden 
increasing the rotor side current. In this situation, 𝐿𝑟 is 
changed to 𝐿𝑟 + 𝑎
2𝐿𝐹𝐶𝐿, where a is the isolation transformer 
ratio. So, by using (3) and (4), the value of leakage coefficient 
is expressed as follows: 
 𝜎𝑟𝑜𝑡𝑜𝑟 𝑠𝑖𝑑𝑒 𝐹𝐶𝐿 = 1−
𝐿𝑚
2 −𝑎2𝐿𝐹𝐶𝐿𝐿𝑠
𝐿𝑠𝐿𝑟
 
It is clear that inserting 𝐿𝐹𝐶𝐿 increases 𝜎𝑟𝑜𝑡𝑜𝑟 𝑠𝑖𝑑𝑒 𝐹𝐶𝐿. 
Therefore, the transient over currents in the rotor side can be 
suppressed, effectively. The worse condition for the DFIG is 
during phase to phase fault as the asymmetrical grid fault [6]. 
In this condition, the first term of (6), the back EMF, has 
maximum value, which causes severe rotor transient current. 
The maximum value of back EMF can be expressed as 
follows [13]: 
 |𝑉𝐸𝑀𝐹,𝑀𝐴𝑋| ≈ 2.4
𝐿𝑚
𝐿𝑠
𝑉𝑠 
that 𝑉𝑠 is the maximum value of the stator or terminal voltage 
of the DFIG. To calculate the optimum value of 𝐿𝐹𝐶𝐿  
regarding the semiconductor switch specifications, the worse 
condition is considered. At the first moment of the fault, 
because the charging process of 𝐿𝐹𝐶𝐿 begins, the initial rate of 
current change will have the maximum value. Therefore, if the 
maximum value of the rotor current during the normal 
operation of the DFIG is shown by 𝑖𝑟,𝑚𝑎𝑥, considering (6) and 
(7), (9) can be written as follows: 
 
{
 
 
 
 
𝜎𝑀𝐼𝑁,𝑟𝑜𝑡𝑜𝑟 𝑠𝑖𝑑𝑒 𝐹𝐶𝐿 =
|?⃗? 𝑟,𝑚𝑎𝑥|+2.4
𝐿𝑚
𝐿𝑠
𝑉𝑠+𝑅𝑟|?̇?
 
𝑟,𝑚𝑎𝑥|
𝐿𝑟|
𝑑
𝑑𝑡
 𝑖𝑚𝑎𝑥|
𝐿𝐹𝐶𝐿 >
𝐿𝑠𝐿𝑟(𝜎𝑀𝐼𝑁,𝑟𝑜𝑡𝑜𝑟 𝑠𝑖𝑑𝑒 𝐹𝐶𝐿−1)+𝐿𝑚
2
𝑎2𝐿𝑠
 
With regard to (9), it is obvious that 𝜎𝑀𝐼𝑁,𝑟𝑜𝑡𝑜𝑟 𝑠𝑖𝑑𝑒 𝐹𝐶𝐿 
depends on the maximum voltage generated by the rotor, the 
voltage level of the stator, and the maximum value of the rotor 
current during the normal operation. As a result, considering 
these parameters, the minimum value of 𝐿𝐹𝐶𝐿 can be 
computed to achieve desired rate of fault current change 
during the worse condition.  
As mentioned above, the location of the non-controlled 
FCL is important from the leakage coefficient point of view. 
In fact, for especial value of 𝐿𝐹𝐶𝐿, the impact of the proposed 
method on limiting the transient over current in the RSC can 
be changed. If the proposed FCL is located in the stator side of 
the DFIG, 𝐿𝑠 increases to 𝐿𝑠 + 𝑎
2𝐿𝐹𝐶𝐿 after operation of the 
proposed scheme. With regard to (3) and (4), the leakage 
coefficient can be calculated as follows: 
 𝜎𝑠𝑡𝑎𝑡𝑜𝑟 𝑠𝑖𝑑𝑒 𝐹𝐶𝐿 = 1 −
𝐿𝑚
2
(𝐿𝑠+𝑎
2𝐿𝐹𝐶𝐿)𝐿𝑟
 
Considering (7) and (10) and comparing 𝜎𝑟𝑜𝑡𝑜𝑟 𝑠𝑖𝑑𝑒 𝐹𝐶𝐿 and 
𝜎𝑠𝑡𝑎𝑡𝑜𝑟 𝑠𝑖𝑑𝑒 𝐹𝐶𝐿 reveals that increasing 𝐿𝐹𝐶𝐿 has more effect on 
increasing the value of 𝜎𝑟𝑜𝑡𝑜𝑟 𝑠𝑖𝑑𝑒 𝐹𝐶𝐿. So, in the DFIG-based 
wind turbine, employing the non-controlled FCL in the rotor 
side is more effective rather than the stator side of the DFIG in 
restricting the transient over currents in the RSC. 
IV. SIMULATION RESULTS 
Fig 2 is used to simulate the operation of the DFIG based 
wind turbine during the power system grid faults. The DFIG is 
connected to the power system through three phase 
transformer, 0.69/34.5kV, 60Hz, 5MVA, and parallel 
transmission lines, 30km, 0.01+j0.1Ω 𝑘𝑚⁄ . The parameters of 
the DFIG-based wind turbine is 0.69kV, 2MVA, 60Hz. Due to 
page limitation, detailed parameters and control block 
diagrams of both the RSC and the GSC have not been 
mentioned here. For more details, [20] is referred. In the 
proposed non-controlled FCL, value of 𝐿𝐹𝐶𝐿  is 0.2H, which 
effectively limits the rate of transient over currents in the RSC. 
Voltage drop on diodes of the three phase diode bridge 
rectifier is 3V. Parameters of the isolation transformer are 𝑎 =
1, 0.2p.u., 1MVA.  
Two case studies are considered in the simulation section. 
In both case studies, the operation of the non-controlled FCL 
is compared to the crowbar protection as most common FRT 
capability improvement in the DFIG-based wind turbine. The 
fault happens at t=3s, and continues for 150ms. Wind speed is 
14𝑚 𝑠⁄  and the DFIG mode of operation is in super-
synchronous speed. Meanwhile, the DC chopper operates 
when the DC link voltage reaches to threshold value of 1.1p.u. 
To consider the worse condition, the fault location is at the 
beginning of the transmission lines at point F in Fig. 2.  
A. Case Study I: Symmetrical Grid Fault: Three Phase Fault 
Fig. 3 and 4 show the operation of DFIG-based wind 
turbine with the crowbar protection and the proposed non-
controlled FCL in the rotor side, respectively. Because of page 
limitation, only key variables are presented. 
As it is obvious from Fig. 3(a), the three phase fault 
happens in the terminal of the DFIG, and the stator voltage is 
zero in all three phases, approximately. Considering the stator 
currents, Fig. 3(b) and Fig. 4(b), it is clear that employing the 
proposed method limits the stator current up to 1.5p.u. during 
the fault. But, by the crowbar protection, the stator current 
increases up to 2.5p.u. The rotor transient over currents are 
shown in Fig. 3(c) and 4(c). The results represent that the non-
controlled FCL located in the rotor side is effective compared 
to the crowbar protection. The proposed scheme restricts the 
transient over currents of the rotor to almost 2p.u. Fig. 3(d) 
and 4(d) present the DC link voltage. Due to the DC chopper 
operation, the DC link voltage is kept constant in 1.1p.u. The 
rotor speed is illustrated in Fig. 3(e) and Fig 4(e). Considering 
Fig. 3(f) and 4(f), by using the proposed scheme, first peak of 
the electrical torque is smoothed compared to the crowbar  
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Figure 2.  The simulated power system 
 
Figure 3.  The crowbar protection, (a) stator voltage, (b) stator current, (c) 
rotor current, (d) DC link voltage, (e) rotor speed, (f) electrical torque 
 
Figure 4.  The proposed scheme, (a) non-superconductng reactor current, 
(b) stator current, (c) rotor current, (d) DC link voltage, (e) rotor speed, (f) 
electrical torque 
protection. As a result, lifetime of mechanical parts of the 
DFIG-can be improved. Finally, the non-superconducting 
reactor current of the proposed FCL is shown in Fig. 4(a). 
After fault occurring, the raising slope of the rotor current is 
effectively decreased. After fault removal, the reactor is 
discharged by its inherent resistance and voltage drops on the 
three phase diode bridge rectifier. Therefore, the non-
controlled FCL will be ready to any possible fault in the 
power system. 
B. Case Study II: Asymmetrical Grid Fault: Phase to Phase 
Fault 
As mentioned, the DFIG is very sensitive to the 
asymmetrical grid faults. In this section, the phase to phase 
fault, phase A and B to ground, is considered to evaluate and 
compare the operation of non-controlled FCL. In Fig. 5, the 
stator and the rotor currents are represented as key parameters 
with the crowbar protection. As it is clear, the stator currents 
have large oscillations during the fault (Fig. 5(a)). The current 
level increases up to 4p.u. The same condition happens in the 
rotor currents (Fig. 5(b)). By employing the proposed non-
controlled FCL, both the stator (Fig. 6(a)) and the rotor 
currents (Fig. 6(b)) are mitigated to 2p.u. To sum up, locating 
the proposed FCL in the rotor side is effective solution from 
both current limiting and cost point of view.  
V. CONCLUSION 
In this paper, the non-controlled fault current limiter has 
been proposed to improve the fault ride through capability of 
the DFIG-based wind turbine. It was shown that locating the 
non-controlled FCL in the rotor side is effective to restrict the 
rotor transient over currents from the leakage coefficient point
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 Figure 5.  The crowbar protection, (a) stator current, (b) rotor current 
 
Figure 6.  The proposed scheme, (a) stator current, (b) rotor current 
of view rather than the stator side. Operation of the proposed 
scheme was compared to the crowbar protection. Two case 
studies have been investigated, three phase fault and phase to 
phase fault. Meanwhile, calculation procedure of the optimum 
value of the non-superconducting reactor has been done. By 
optimum value of the reactor, it is guarantee that the rate of 
fault current change is lower than 𝑑𝑖𝑚𝑎𝑥 𝑑𝑡⁄  of the 
semiconductor switches of the rotor side converter. The 
proposed scheme does not require any measurement to limit 
the rotor fault current during the fault. Its configuration is 
simple and can be easily utilized by the industry. 
PSCAD/EMTDC software has been employed to evaluate the 
operation of the non-controlled FCL during all fault scenarios, 
including symmetrical and asymmetrical grid faults. 
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